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PREFACE 

Th is  spec ies p r o f i l e  i s  one of a  s e r i e s  on coas ta l  a q u a t i c  organisr ls,  
p r i n c i p a l  l y  f i sh ,  o f  spo r t ,  commercial , o r  e c o l o g i c a l  importance. The p r o f i l  es 
a re  designed t o  p rov i de  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive ske tch  o f  t h e  b i  01 og i c a l  c h a r a c t e r i s t i c s  and env i ronmenta l  r equ i r e -  
ments o f  t h e  spec ies and t o  d e s c r i b e  how popu la t i ons  o f  t h e  spec ies may be 
expected t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  development. Each 
p r o f i l e  has sec t i ons  on taxonomy, 1  i f e  h i s t o r y ,  eco l  o g i c a l  r o l e ,  env i ronmenta l  
requi rements,  and economi: importance, i f  appl i c a b l  e. A  t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as t hey  a r e  prepared. T h i s  
p r o j e c t  i s  j o i n t l y  planned and f inanced  by t h e  U.S. Army Corps o f  Engineers and 
t h e  U.S. F ish  and W i l d l i f e  Serv ice.  

Suggest ions o r  ques t ions  r e g a r d i n g  t h i s  r e p o r t  should be d i r e c t e d  t o  one 
o f  t h e  f o l l  owing addresses. 
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CONVERSION TABLE 

M e t r i c  t o  U.S. Customary 

Mu1 t i p l y  & To Obta in 

m i l  1  ime te rs  (mn) 
cent imeters  (an) 
meters (m) 
k i  1  ometers ( km) 

inches 
inches 
f e e t  
m i l  es 

2 
square meters (m ) 10.76 square f e e t  
square k i  1  m e t e r s  ( km2) 0.3861 square m i l es  
hec ta res  (ha )  2.471 acres 

1 i t e r s  ( 1 ) 0.2642 
cub ic  meters (m3) 35.31 
cub ic  meters 0.0008110 

gal 1  ons 
cub ic  f e e t  
ac re - f ee t  

m i l  1  igrams (mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i l  ograms ( k g )  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons 
k i  1  ocal o r i  es ( kcal  ) 3.968 B r i t i s h  thermal u n i t s  

Cel s  i u s  degrees 1.8("C) + 32 Fahrenhe i tdegrees  

U.S. Customary t o  M e t r i c  

inches 25.40 
inches 2.54 
f e e t  ( f  t )  0.3048 
fathoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l es  ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

g a l l o n s  ( g a l )  3.785 
cub ic  f e e t  ( f t 3 )  0.02831 
acre- f e e t  1233.0 

ounces (oz )  28.35 
pounds ( I b )  0.4536 
s h o r t  t ons  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  (B tu )  0.2520 

m i l  1  imeters 
cent imeters 
meters 
meters 
k i l  ometers 
k i  1  ometers 

square meters 
hectares 
square k i  1  ometers 

1 i t e r s  
cub i c  meters 
cub ic  meters 

grams 
k i 1  ograms 
m e t r i c  tons 
k i  1  ocal o r i e s  

Fahrenhe i t  degrees 0.5556("F - 32) Ce ls ius  degrees 
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F i g u r e  1. The ha rd  clam. 

HARD CLAM 

NOMENCLATURE /TAXONOMY /RANGE 

S c i e n t i f i c  name . . . . . Mercenar ia  
mercenar ia  L. Widely  known as Venus 
mercenar ia  b e f o r e  We1 1s (1957) r e a s -  
s igned  t h e  spec ies t o  t h e  genus L i n -  
neaus o r i g i n a l l y  a p p l i e d  

P r e f e r r e d  common names . . Quahog i n  
t h e  No r t he rn  U n i t e d  S ta tes ,  ha rd  
c lam i n  t h e  Southern U n i t e d  S ta tes  
( F i g u r e  1 )  

Other  common names . . . . Quahaug, 
hard-she1 l e d  clam, round clam, cher-  
r y s t o n e  clam, 1 i t t l e - n e c k e d  c lam 

C lass  . . . . . B i v a l v i a  (Pelecypoda) 
Order  . . . . . . . Eu 1 amel 1 i branch i  a 
Suborder . . . . . . . . . Heterodonta 
Fami ly  . . . . . . . . . . . Vener i  dae 

Geographica l  range: The ha rd  c lam 
l i v e s  i n  i n t e r t i d a l  areas and 
s u b t i d a l  waters  t o  depths as 
g r e a t  as 15 m a long  t h e  A t l a n t i c  
and G u l f  coasts  f r om  t h e  G u l f  o f  
St .  Lawrence t o  Texas (Abbo t t  
1974) .  I t i s  most abundant f rom 
Massachusetts t o  V i r g i n i a  and has 

been i n t r oduced  t o  Europe and 
C a l i f o r n i a .  A s i m i l a r  s p e c i e s  
(M. campechiensis) t h a t  l i ' ves  i n  
c o a s t a l  w a t e r s  f r o m  N o r t h  C a r -  
o l i n a  s o u t h w a r d  t o  F l o r i d a  and 
Texas  i s  a l s o  c a l l e d  t h e  h a r d  
clam. Abbo t t  (1974) s t a t e d  t h a t  
M. c a m ~ e c h i e n s i s  mav be a sub- - ., 
spec ies  o f  M. mercenar ia  because 
t h e y  hybridi?e. 

MORPHOLOGY/IOENTIFICATION AIDS 

The ha rd  c lam has a t h i c k  s h e l l ,  
a v i o l e t  i n t e r i o r  border ,  and s h o r t  
s iphons ( V e r r i l l  1873; S tan ley  1970; 
M o r r i s  1973). The mean l e n g t h  o f  t h e  
t h i c k  s o l i d  s h e l l  i s  u s u a l l y  60 t o  70 
mm, bu t  sometimes reaches 120 t o  130 
mn. The r a t i o s  o f  l e n g t h  (L ) ,  h e i g h t  
( H ) ,  and w i d t h  (W) are: L/H = 1.25; 
H/W = 1.52; L/W = 1.90. The t h i c kness  
index  ( r a t i o  o f  she1 1 volume t o  
i n t e r n a l  volume) i s  0.60. 



The e x t e r n a l  s u r f a c e  has numerous 
c o n c e n t r i c  1  i n e s  t h a t  a r e  consp icuous 
and c l o s e l y  spaced n e a r  t h e  o u t e r  
marg ins ,  b u t  more w i d e l y  spaced around 
t h e  umbo, e s p e c i a l l y  i n  younger  
s h e l l s .  The c e n t e r  of  each v a l v e  i s  
smoother t h a n  t h e  d i s t a l  p o r t i o n .  The 
umbo i s  f a r  a n t e r i o r  and p r o j e c t s  
t o w a r d  t h e  f r o n t  o f  t h e  s h e 1  1. The  
s h e l l  i s  e l  1  i p t i c a l ,  somewhat p o i n t e d  
p o s t e r i o r l y ,  and has a  g r a y i s h - w h i t e  
e x t e r i o r  and a  w h i t e  i n t e r i o r  w i t h  a  
da rk  v i o l e t  b o r d e r  n e a r  t h e  margins.  
The  c o l o r e d  p a r t  o f  t h e  s h e l l  was 
fash ioned  i n t o  wampum by  t h e  American 
I n d i a n s  f o r  use as money, hence t h e  
s c i e n t i f i c  name ( M o r r i s  1973).  The 
i n t e r i o r  v e n t r a l  marg ins  a r e  d e n t i c -  
u l a t e .  

The i n t e r n a l  anatomy a l s o  has d i s -  
t i n c t i  ve c h a r a c t e r i s t i c s  ( V e r r i  11 
1873) .  S h o r t  s iphons  a r e  u n i t e d  f r o m  
t h e i r  b a s e s  t o  n e a r  t h e  e n d s ;  t h e  
i n c u r r e n t  s i p h o n  has a  s h o r t  f r i n g e  o f  
t e n t a c l e s .  The s i p h o n  t u b e s  a r e  
y e l l o w i s h  o r  b rown ish  orange t o w a r d  
t h e  end, and may be s t r e a k e d  w i t h  da rk  
b rown ,  b l a c k ,  o r  o p a q u e  w h i t e .  The  
f o o t  i s  l a r g e ,  muscu lar ,  and p low  
shaped. The m a n t l e  l obes  a r e  s e p a r a t e  
a l o n g  t h e  f r o n t  and v e n t r a l  edges of 
t h e  s h e l l  and have t h i n  edges f o l d e d  
i n t o  d e l i c a t e  f r i l l s ,  some o f  wh ich  
a r e  e l o n g a t e d  n e a r  t h e  s iphons.  F o o t  
and m a n t l e  edges a r e  w h i t e .  

The v e l  i g e r  l a r v a e  can be d i s t i n -  
g u i s h e d  f r o m  o t h e r  b i v a l v e s  by  t h e  
shape o f  t h e  s h e l l  and h i n g e  s t r u c t u r e  
( L o o s a n o f f  e t  a l .  1966; Chanley and 
Andrews 1971; L u t z  e t  a l .  1982).  The 
m a r g i n  of t h e  s h e l l  i s  c i r c u -  
l a r ,  t a p e r i n g  t o w a r d  t h e  h inge ;  t h e  
h i n g e  i s  s h o r t  and narrow. 

REASON FOR INCLUSION I N  SERIES 

H a r d  c l a m s  a r e  t h e  m o s t  e x t e n -  
s i v e l y  d i s t r i b u t e d  commercial  c l am i n  
t h e  U n i t e d  S t a t e s  and have t h e  g r e a t -  
e s t  t o t a l  market  v a l u e  ( R i t c h i e  1977) .  
T h e i r  abundance i n  c l e a n  s u b s t r a t e s  

a c c e s s i b l e  t o  t h e  p u b l i c  makes t h e  
h a r d  c l a m  a  p o p u l a r  r e c r e a t i o n a l  spe- 
c i e s .  T h e i r  h a b i t a t  i s  v u l n e r a b l e  t o  
c o a s t a l  c o n s t r u c t  i o n  p r o j e c t s  and p o l -  
l u t i o n  f r o m  u rban  and i n d u s t r i a l  
d e v e l  opment . Because a d u l t s  do n o t  
m i g r a t e ,  r e p o p u l  a t  i o n  of  o v e r - f i s h e d  
h a r d  c l a m  beds depends on t h e  t r a n s -  
p o r t  o f  l a r v a e  f r o m  o t h e r  a reas  and 
s e v e r a l  y e a r s  f o r  growth,  m a t u r a t i o n ,  
and r e p r o d u c t i o n .  Any d i s t u r b a n c e ,  
however temporary ,  may cause a  
l o n g - t e r m  impac t .  

L IFE HISTORY 

Spawning 

The spawning season ex tends  f rom 
March t h r o u g h  November, dependi  ng on 
l a t i t u d e  and tempera tu re .  I n  temper-  
a t e  c l  imates,  spawning i s  h e a v i e s t  i n  
J u l y  ( C a r r i k e r  1961) .  The peak i s  i n  
May i n  t h e  York R i v e r ,  V i r g i n i a ,  and 
i s  p r o g r e s s i v e l y  l a t e r  i n  R a r i t a n  Bay, 
New Jersey,  and N a r r a g a n s e t t  Bay, 
Rhode I s 1  and ( J e f f r i e s  1964).  Spawn- 
i n g  b e g i n s  i n  G r e e n w i c h  Bay, Rhode 
I s l a n d ,  about  t h e  f i r s t  o f  June and i s  
comp le ted  by m id -Ju l y  (Landers  1955).  
I n  De laware Bay, spawning l a s t s  f rom 
June t o  Oc tober  b u t  i s  most i n t e n s e  i n  
August (Keck e t  a l .  1975) .  I n  Ch inco -  
teague  and S inepuxen t  Bays, Mary1 and, 
spawning ex tends  f r o m  e a r l y  June 
t h r o u g h  August  ( S i e l i n g  1956) .  I n d i -  
v i d u a l  female h a r d  c lams r e q u i r e  2.0 
t o  2.5 months t o  comp le te  spawning, 
b ~ ~ t  t h e  r e l e a s e  o f  eggs i s  g r e a t e s t  
d u r i n g  t h e  i n i t i a l  s p a w n i n g  o f  t h e  
season ( A n s e l l  1967) .  Spawning i s  more 
i n t e n s e  d u r i n g  neap t h a n  d u r i n g  s p r i n g  
t i d e s ,  presumably  becal lse w a t e r  tem- 
p e r a t u r e s  a r e  h i g h e r  d u r i n g  neap t i d e s  
( C a r r i  k e r  1961 ). 

Water t e m p e r a t u r e  i s  t h e  d e c i s i v e  
f a c t o r  g o v e r n i n g  f i n a l  gamete matura-  
t i o n .  I n  a  2 - y e a r  s t u d y  i n  L o w e r  
L i t t l e  Egg H a r b o r ,  New J e r s e y ,  t h e  
median d a i l y  spawning t e m p e r a t u r e  was 
25.7"C and t h e  range  was 22' t o  30°C 
( C a r r i k e r  1 9 6 1 ) .  I n  D e l a w a r e  Bay ,  



clams spawn a t  25" t o  27°C (Keck e t  
a l .  1975 ) .  About  73% o f  t h e  c lams 
spawn d u r i n g  t h e  f i r s t  2  t o  3  days o f  
r i s i n g  water temperatures ( C a r r i k e r  
1961 ) .  The r e q u i r e d  o r  p r e f e r r e d  
water  temperature range f o r  spawning 
i s  21" t o  25°C ( K e n n i s h  and O l s s o n  
1975). I n  England, t h e  clams spawn a t  
a  w a t e r  t e m p e r a t u r e  o f  18 "  t o  20°C 
( M i t c h e l l  1974). When t h resho ld  
temperatures a r e  reached, ma1 es re -  
1  ease semen t h a t  con ta ins  pheromones. 
The pheromones a re  c a r r i e d  by wate r  
c u r r e n t s  t o  t h e  f ema les ,  w h i c h  a r e  
then  s t imu la ted  t o  re lease  eggs 
(Nelson and Haskin 1949). 

Sexual m a t u r i t y  usual  l y  i s  reach- 
ed d u r i n g  t h e  second y e a r  o f  l i f e .  
Because s ize ,  no t  age, determines sex- 
u a l  m a t u r i t y ,  s lower  growing i n d i v i d -  
u a l s  mature a t  an o l d e r  age. 
Reproduct ive p o t e n t i a l  peaks a t  60 mm, 
hut  then  dec l i nes  as t h e  clams grow 
l a r g e r  (Be ld i ng  1931). 

Fecund i ty  and Eggs 

The ave rage  number o f  eggs r e -  
leased by a  60-mm female i n  na tu re  i s  
about 2  m i l l i o n  (Be ld i ng  1931). I n  
l a b o r a t o r y  t e s t s ,  t h e  average-sized 
f e m a l e  r e l e a s e d  8  m i l  1  i o n  eggs p e r  
season (Davis and Chanley 1956; Anse l l  
1967). The f ecund i t y  o f  one l a r g e  f e -  
male was 16.5 m i l l i o n  eggs, whereas 
s m a l l  c lams ( a h o u t  33 mm) have  f a r  
fewer eggs (B r i ce1  j and Malouf  1980). 
About 2,000 spermatozoa a re  shed f o r  
each ovum. 

The sphe r i ca l  eggs a re  78 Prn i n  
d iameter  and y o l k  granules a re  c l o s e l y  
packed (Be ld i ng  1931).  A l a r g e  ge la -  
t i n o u s  capsule d i s t i n g u i s h e s  t h e  hard  
clam egg from t h e  eggs o f  o the r  mol- 
lusks.  Eggs a re  re leased through t h e  
excur ren t  siphon, and t h e  capsule 
swe l l s  a f t e r  con tac t  w i t h  seawater 
u n t i l  i t  i s  3.2 t imes  t h e  d iameter  o f  
t h e  egg. Because t h e  gel  a t  i nous 
capsule impar ts  buoyancy, t h e  eggs a re  
p e l a g i c  and c a r r i e d  hy t i d a l  and 
coas ta l  cu r ren t s .  Spermatozoa 

swimming i n  wate r  come i n t o  con tac t  
w i t h  and pene t ra te  t h e  capsule, 
f e r t i l i z i n g  t h e  egg. 

A f t e r  10 h  t h e  embryo deve lop ing  
w i t h i n  t h e  capsule becomes covered 
w i t h  c i l i a .  The l a s h i n g  of t h e  c i l i a  
t e a r s  t h e  membrane and ge la t i nous  cap- 
s u l e  and t h e  c i l i a t e d  g a s t r u l a  escapes 
i n t o  t h e  water.  Eggs may be c a r r i e d  
as f a r  as 25 km f r o m  t h e  spawn ing  
s i t e .  

Larvae 

T rochopho re  l a r v a e  a r e  fo rmed 
about 12 t o  14 h  a f t e r  ha t ch ing  
(Be ld i ng  1931). The shape resembles a  
c h i l d ' s  t o p ,  and t h e  c i l i a  on t h e  
b l u n t  a n t e r i o r  end cause s p i r a l  
swimming and r o t a t i o n  around t h e  long  
a x i s  i n  e i t h e r  d i r e c t i o n .  4 f u n c t i o n -  
a l  mouth develops and t h e  1  arva begins 
f eed ing  on suspended p a r t i c u l a t e s ,  
e s p e c i a l l y  d i n o f l a g e l l a t e s .  The 
l a r v a e  concent ra te  about 1 m  below t h e  
su r f ace  d u r i n g  d a y l i g h t  bu t  a t  n i g h t  
a r e  more e v e n l y  m i xed  i n  t h e  w a t e r  
column ( C a r r i  k e r  1952). 

1,i;cil.t 24 h  a f t e r  ha tch ing ,  a  s h e l l  
g l a n d  f o rms  o p p o s i t e  t h e  mouth, a  
t h i n  t r anspa ren t  s h e l l  i s  secreted, 
and t h e  l a r v a  becomes a  v e l i g e r  (Bel -  
d i n g  1931 ) .  The v e l i g e r  d r i f t s  i n  
ocean and e s t u a r i n e  cu r ren t s ,  b u t  i t  
i s  a b l e  t o  move 7  t o  8 cm/min v e r t i -  
c a l  l y  by  ex tend ing  t h e  c i  1  i a t e d  
v e l  um ( M i  1  e i  kovsky 1973). V e r t i c a l  
m i g r a t i o n  i s  s t i m u l a t e d  by t u rbu -  
lence, which c a r r i e s  v e l i g e r s  i n t o  
h o r i z o n t a l  water  c u r r e n t s  f o r  
t r a n s p o r t  ( C a r r i  k e r  1961). The number 
o f  v e l i g e r s  i s  g r e a t e s t  i n  t h e  water  
column 3  h  a f t e r  low t i d e  (Moul t o n  
and C o f f i n  1954). By d r i f t i n g  w i t h  
t h e  incoming t i d e ,  t h e  v e l i g e r s  a re  
t r anspo r ted  i n t o  t h e  es tua ry  and t o  
sea. V e l i g e r s  o f  hard clams a re  
abundant i n  t h e  zooplankton i n  
e s t u a r i e s  d u r i n g  t h e  summer, where 
d e n s i t i e s  may exceed 500/1 ( C a r r i  k e r  
1952; Moulton and C o f f i n  1954; 
J e f f r i e s  1964). 



The v e l i g e r  s t a g e  l a s t s  7  t o  30 
days, depending on tempera tu re .  Meta- 
morphos is  o f  t h e  v e l i g e r  o f  t h e  h a r d  
c lam i s  a  g radua l  p rocess  t h a t  t a k e s  
p l a c e  16 t o  30 days a f t e r  h a t c h i n g  a t  
lB°C, 11 t o  22 days a t  24OC, and 7  t o  
1 6  days  a t  30°C ( L o o s a n o f f  e t  a l .  
1951). 

J u v e n i l e  Seed Clam 

When t h e  v e l  i g e r  becomes 0.2 t o  
0.3 mm l o n g ,  t h e  s h e l l  t h i c k e n s ,  a  
f o o t  r e p l a c e s  t h e  velum, and a  b y s s a l  
g l a n d  deve lops,  i n d i c a t i n g  metamorpho- 
s i s  t o  t h e  seed clam. Metamorphos is  
i s  i n h i b i t e d  a t  s a l i n i t i e s  below 17.5 
t o  20 p a r t s  p e r  thousand ( p p t )  
(Castagna and Chanley 1973),  e n s u r i n g  
t h a t  seed c lams a v o i d  s e t t i n g  i n  an 
env i ronmen t  w i t h  s a l i n i t i e s  u n s u i t a b l e  
f o r  a d u l t s .  Seed clams u s u a l l y  a r e  
most abundant i n  y e a r s  when f r e s h w a t e r  
i n f l o w  i n t o  t h e  e s t u a r y  i s  be low 
normal and s a l i n i t y  i s  above normal 
(H i  b b e r t  1976). 

The b y s s a l  g l a n d  o f  t h e  seed c lam 
s e c r e t e s  a  t o u g h  t h r e a d ,  t h e  byssus, 
w h i c h  a n c h o r s  t h e  c l a m  t o  t h e  s u b -  
s t r a t e .  Seed clams s e t  more dense ly  
i n  s a n d  t h a n  mud ( M a c K e n z i e  1 9 7 9 ) ;  
b i t s  o f  s h e l l  o r  d e t r i t u s  may a l s o  
s e r v e  as anchors.  I n  t h e  l a b o r a t o r y ,  
sand i s  p r e f e r r e d  t o  mud f o r  s e t t i n g ,  
b u t  t h e  s i z e  o f  s a n d  g r a i n s  i s  n o t  
i m p o r t a n t  (Keck  e t  a l .  1 9 7 4 ) .  I n  
L i t t l e  E g g  H a r b o r ,  New J e r s e y ,  t h e  
s e e d  c l a m s  p r e f e r  t o  s e t  o n  a  f i r m  
s u r f a c e  w i t h  a  t h i n  l a y e r  o f  d e t r i t u s  
( C a r r i k e r  1952) o r  on s h e l l s  c o a t e d  
w i t h  mud ( C a r r i k e r  1961) .  

The s e t  may exceed 125 clams/mL i n  
good h a b i t a t  ( C a r r i k e r  1961):  e x t r a -  
0 rd ina r . y  2 s e t s  may be as h i g h  as 
270,00O/m (Dow and W a l l a c e  1955) .  
The d e n s i t y  o f  t h e  s e t  i s  n o t  neces- 
s a r i  l y  r e l a t e d  t o  a d u l t  c o n c e n t r a t i o n s  
because o f  movements and m o r t a l i t y  of 
t h e  s e e d  c l a m s .  Seed c l a m s  seek  a  
p r e f e r r e d  h a b i t a t  --  a  sandy o r  s i l t y  
b o t t o m  w i t h  s m a l l  r o c k s  and s h e l l s .  
They  h i d e  u n d e r  s h e l l s  o r  r o c k s  t o  
a v o i d  p r e d a t o r s  (Lee 1977) .  The seed 

c lams may reach  t h e i r  u l t i m a t e  h a b i t a t  
i n  t h e i r  second y e a r  o f  l i f e  (Burbanck 
e t  a l .  1 9 5 6 ) .  A  25-mm c l a m  may b e  
tumb led  a l o n g  by c u r r e n t s  o f  25 cm/sec 
and d e p o s i t e d  b e h i n d  o b s t r u c t  i ons (M. 
Castagna, Va. I n s t .  Mar. Sci.;  pers .  
comm.) . 

To move, t h e  c lam byssus i s  c a s t  
o f f  and t h e  f o o t  i s  used f o r  locomo- 
t i o n  ( B e l d i n g  1931) .  When t h e  young 
c l a m  reaches a  d e s i r a b l e  h a b i t a t ,  i t 
s p i n s  a  new byssus and r e a t t a c h e s  t o  a  
sma l l  o b j e c t .  B y s s a l  f i b e r s  a r e  used 
f o r  anchorage u n t i l  t h e  young  c l a m  i s  
10 n long ;  i t  t h e n  metamorphoses and 
assumes t h e  b u r r o w i n g  h a b i t s  o f  t h e  
a d u l t .  

The d i s t r i b u t i o n  o f  seed c lams i s  
a l s o  a l t e r e d  by p r e d a t i o n .  Clams t h a t  
s e t  among o y s t e r  s h e l l s  o r  s tones  a r e  
p r o t e c t e d  (Maurer  and W a t l i n g  1973);  
w i t h o u t  cove r ,  seed c lams a r e  s u b j e c t  
t o  heavy p r e d a t i o n .  N o r m a l l y  t h e y  do 
n o t  l i v e  i n  a r e a s  e x p o s e d  t o  wave  
a c t i o n  o r  s t r o n g  c u r r e n t s  (Anderson e t  
a l .  1978) ,  b u t  i n  t h e  absence o f  
p r e d a t o r s ,  C a r r i k e r  (1959)  r e p o r t e d  
t h a t  s ~ ~ r v i v a l  on u n s t a b l e  bo t toms  was 
p o s s i b l e .  

A d u l t  

T le  a d u l t  h a r d  c lam l i v e s  i n  t h e  
s u b s t r a t e  and bur rows w i t h  a  muscu la r  
f o o t .  I t  remains  i n  t h e  l o c a t i o n  a t  
wh ich  i t f i r s t  bur rows f o r  t h e  
rema inder  o f  i t s  l i f e .  I n  t h e  f i r s t  
38 days a f t e r  f i r s t  bu r row ing ,  a d u l t s  
moved l a t e r a l l y  an average o f  o n l y  5  
cm and  a  maximum o f  1 5  cm f r o m  t h e  
p o i n t  o f  o r i g i n  (Ches tnu t  1951).  
Clams 20 t o  30 mm l o n g  a r e  known t o  
t r a v e l  as f a r  as 3 0  cm i n  2  m o n t h s  
(Kerswi  11 1941).  

A d u l t s  b u r y  deeper  i n  sand (mean 
d e p t h  2  cm) t h a n  i n  mud (mean d e p t h  1 
cm), and s m a l l  a d u l t s  bu r row p r o p o r -  
t i  o n a l  l y  deeper  t h a n  1  a r g e r  ones 
( S t a n l e y  1970) .  If dug up, t h e  h a r d  
c lam rebur rows,  and i f  cove red  w i t h  
ove rbu rden  i t  can escape upward ( B e l -  
d i n g  1931 ). A c lam can escape t h r o u g h  



10  t o  50 cm o f  o v e r b u r d e n ,  i f  t h e  
sed iment  dumped i s  s i m i l a r  t o  t h e  
l o c a l  s u b s t r a t e  (Kranz 1974) .  F o r e i g n  
sed iment  reduces escapement. 

The a d u l t  i s  most common i n  t h e  
i n t e r t i d a l  and s u b t i d a l  a reas  o f  
e s t u a r i e s  and bays. Hard  c lams a r e  
most abundant i n  t h e  l o w e r  e s t u a r y  and 
a r e  se ldom f o u n d  i n  t h e  upper  e s t u a r y  
where s a l i n i t i e s  a r e  l o w e r  ( T u r n e r  
1953) .  They a r e  absen t  i n  p l a c e s  w i t h  
s a l i n i t y  l e s s  t h a n  15  p p t  i n  u p p e r  
De laware Bay (Maurer  e t  a l .  1974)  and 
i n  upper  Chesapeake Bay ( S i e l  i n g  1956; 
L i p p s o n  1973) .  I n  Newport R i v e r ,  
N o r t h  C a r o l i n a ,  t h e y  a r e  absent  i n  t h e  
upper  e s t u a r y  a t  average s a l i n i t i e s  
l e s s  t h a n  1 9  p p t  ( W e l l s  1 9 6 1 ) .  I n  
Greenwich Cove, Maine, clams were 
about  t h r e e  t i m e s  more dense a t  t h e  
seaward end o f  t h e  cove t h a n  i n  t h e  
upper  cove ( T i l l e r  1950) .  

H a r d  c l a m s  t e n d  t o  be f o u n d  i n  
p r o t e c t e d  l o c a t i o n s  w i t h i n  bays and 
e s t u a r i e s  (Loosano f f  1946) .  I n  Rand 's  
Harbor,  Massachuset ts ,  about  50% o f  
t h e  p o p u l a t i o n  l i v e d  o n  t h e  g r a v e l  
s lope ,  25% i n  t h e  muddy channel ,  and 
25% i n  t h e  s u b t i d a l  zone (Burbanck e t  
a l .  1 9 5 6 ) .  I n  S o u t h  C a r o l i n a ,  t h e  
h a r d  c l a m  u s u a l l y  a v o i d s  open 
e s t u a r i e s ,  b u t  1  i v e s  i n  s m a l l  channe ls  
and p r o t e c t e d  a reas  (Anderson e t  a l .  
1978) .  I n  Georg ia ,  h a r d  c lams l i v e  
l a r g e l y  i n  i n t e r t i d a l  a reas  p r o t e c t e d  
f r o m  wave a c t i o n  (Godwin 1968) .  
L o o s a n o f f  (1946)  a1 so  men t ioned  t h e i  r 
i n t o l e r a n c e  t o  r o u g h  waves. I n  t h e  
T e s t  and I t c h e n  R i v e r s ,  Eng land,  t h e y  
a r e  absent  above t h e  mean t i d e  l i n e  
(H i  b b e r t  1976) .  

Some p o p u l a t i o n s  a r e  o c e a n i c ,  
e.g., t h o s e  i n  t h e  s h o a l s  o f  Nantucket  
Sound ( T u r n e r  1953) .  An o f f s h o r e  
p o p u l a t i o n  of  h a r d  c lams i s  l o c a t e d  
between Cape Lookou t  and B e a u f o r t  
I n l e t ,  N o r t h  C a r o l i n a  ( P o r t e r  and 
Ches tnu t  1962).  Reviews by B e l d i n g  
(1931)  and Loosanoff  (1946)  s t a t e  t h a t  
h a r d  c lams l i v e  a t  dep ths  up t o  15 m, 

w h e r e a s  R u r b a n c k  e t  a l .  ( 1 9 5 6 )  r e -  
p o r t e d  a  maximum d e p t h  o f  8  m. Hard 
c l a m s  w e r e  l a c k i n g  i n  9,000 b o t t o m  
sampl es c o l l  e c t e d  a t  depths  g r e a t e r  
t h a n  24 m i n  t h e  m i d - A t l a n t i c  B i g h t  
(Theroux and Wig ley  1983).  The 1982 
l a n d i n g s  o f  about  13 m i l l i o n  pounds 
w e r e  t a k e n  w i t h i n  3  mi  o f  t h e  1J.S. 
c o a s t  (Thompson 1983).  

COMMERCIAL /SPORT FISHERIES 

S h e l l f i s h e r i e s  

The h a r d  c l a m  i s  m o r e  w i d e l y  
d i s t r i b u t e d  t h a n  any o t h e r  commercial  
c l a m  s p e c i e s  i n  U.S. w a t e r s  and i s  t h e  
most v a l u a b l e  commercial  and s p o r t  
spec ies  ( R i t c h i e  1977) .  The f i s h e r y  
i s  l o c a t e d  c h i e f l y  a l o n g  t h e  m id -  
A t l a n t i c  B i g h t  ( F i g u r e  2 ) .  N o r t h  o f  
Cape Cod and i n  t h e  G u l f  o f  Mex ico  i t 
i s  i m p o r t a n t  o n l y  i n  r e l a t i v e l y  
i s o l a t e d  w a t e r s  (McHugh 1979) .  

Hard c lams a r e  t a k e n  c o m m e r c i a l l y  
w i t h  hoes, b u l l  rakes,  hand tongs,  and 
power dredges ( E n g l e  1970) .  O f  t h e  
commercial  l a n d i n g s  f rom N a r r a g a n s e t t  
Ray, 90% a r e  t a k e n  by h a n d r a k i n g  
(Holmsen 1966) ,  whereas i n  Chesapeake 
Bay, 95% of h a r d  c lams a r e  t a k e n  w i t h  
p a t e n t  t o n g s  (Haven and Loesch 1973) .  
A l t h o u g h  a  power dredge i s  e f f e c t i v e ,  
i t  i s  n o t  p e r m i t t e d  i n  many a r e a s ,  
even though  i t  d i s t u r b s  t h e  s u b s t r a t e  
no more t h a n  b u l l r a k i n g ,  and a l l  
ev idence  of h a r v e s t i n g  d i s a p p e a r s  
w i t h i n  500 d a y s  ( G l u d e  a n d  L a n d e r s  
1953) .  A  power dredge w i t h  an e s c a l a -  
t o r  i n c r e a s e s  t h e  c a t c h  of t h e  more 
v a l u a b l e  s m a l l  clams, b u t  causes d i s -  
t u r b a n c e  of  t h e  s u b s t r a t e  (Godchar les  
1971) .  Because d r e d g i n g  d e s t r o y s  sea- 
grasses and b e n t h i c  a l g a e  and r e c o l o -  
n i z a t i o n  i s  s low, d r e d g i n g  has a  r e l a -  
t i v e l y  l o n g - t e r m  e n v i  ronmenta l  impact.  

About 6  m i l l i o n  k g  (meat w e i g h t )  
of  h a r d  c l a m  a r e  l anded  a n n u a l l y  a l o n g  
t h e  A t l a n t i c  seaboard (McHugh 1979; 
Thompson 1983). The f ishery  i s  
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cha rac te r i zed  by l a r g e  f l u c t u a t i o n s .  
The land ings  i n  New York and New 
Jersey were h i gh  i n  t h e  l a t e  18001s, 
l ow  i n  t h e  e a r l y  1 9 0 0 1 s ,  and h i g h  
a g a i n  i n  t h e  l a t e  1 9 4 0 ' s  and e a r l y  
1950's (McHugh 1977). More r e c e n t l y ,  
p roduc t i on  i n  New York g radua l l y  
increased from 1.8 m i l l i o n  kg i n  1960 
t o  4.1 m i l l i o n  kg i n  1976, and 
dec l i ned  t h e r e a f t e r  t o  1.5 m i l  l i o n  kg 
i n  1982 (Tab le  1 ) .  New Jersey had a  
p e r i o d  of moderate p roduc t i on  of about 
0.8 m i l l i o n  kg  from 1961 t o  1965, a  
p e r i o d  o f  h i gh  p roduc t i on  o f  about 1.1 
m i l l i o n  k g  f rom 1966 t o  1971, and a  
subsequent gradual d e c l i n e  t o  a  low o f  
0.4 m i l l i o n  k g  f r o m  1977 t o  1982. 
Hard clam land ings  f o r  Rhode I s l a n d  
a re  almost m i r r o r  images of t hose  f o r  
New J e r s e y ;  h i g h  p r o d u c t i o n  i n  t h e  
e a r l y  19601s, low p roduc t i on  f rom 1966 
t o  1977, and h i g h  p roduc t i on  f rom 1979 
t o  1982. 

The hard clam f i s h e r y  i n  t h e  mid- 
A t l a n t i c  r eg ion  i s  most i n t e n s e  i n  a  
few bays w i t h  l a r g e  popu la t ions .  I n  
t h e  mid-1970's about  40% o f  t h e  U.S. 
land ings  were f rom Great  South Bay on 
Long I s l a n d  (MacKenzie 1977). Other  
areas o f  h i gh  p roduc t i on  a re  Greenwich 
Bay i n  Rhode I s l a n d  ( S t r i n g e r  1952); 
L i t t l e  Egg Harbor, New Jersey ( F i g l e y  
and Townsend 1980); R a r i t a n  Ray, 
between New York and New Jersey  
(Jacobson and Gha r re t t  1967); and 
Chi  ncoteague and S i  nepuxent Bays, 
Mary'l and ( S i e l  i n g  1956). The land ings  
o f  hard clams i n  t h e  m i d - A t l a n t i c  
r eg ion  a re  about 83% o f  t h e  U.S. t o t a l  
( K i n o s h i t a  and Vondruska 1980). 

The v a l u e  o f  U.S. l a n d i n g s  has 
p r o g r e s s i v e l y  increased.  The U.S. 
1  andi ngs (meat wei g h t )  dec l  ined  
between 1965 and 1975, bu t  t h e  va lue  
p e r  u n i t  i nc reased  (Zakar ia  1979). 
The l a n d i n g s  we re  13.3 m i l l i o n  l b  
va lued a t  $29.7 m i l l i o n  i n  1978 
( P i l e g g i  and Thompson 1979), 18 
m i l l i o n  1b wo r th  $51 m i l l i o n  i n  1981, 
and 12.9 m i l  1  i o n  l b  wor th $43 m i l  1  i o n  
i n  1982 (Thompson 1983). 

The p r i c e  o f  h a r d  c lams v a r i e s  
w i t h  s i z e  and t h e  season ( R i t c h i e  
1977). L i t t l e n e c k s  (about 46 l o n g )  
command a  h i ghe r  p r i c e  ($60/bu) t han  
cherrystones (77 mm, $22/bu),  o r  chow- 
der  clams (97 n, $13/bu). Pr i ces  i n  
1983 averaged about $26/bu. Hard 
clams are  a l s o  processed and marketed 
as clam j u i c e .  The market f o r  f r esh  
h a r d  c lams i s  p o s s i b l e  because t h e  
animals, if kept  coo l ,  l i v e  f o r  1 t o  3  
weeks ou t  o f  water.  

The r e c r e a t i o n a l  c a t c h  o f  h a r d  
clams i s  no t  i nc l uded  i n  t h e  l a n d i n g  
data. I n  New Jersey, o n e - t h i r d  of t h e  
ca tch  i s  taken  by 21,600 s h e l l f i s h e r -  
men w i t h  r e c r e a t i o n a l  1  icenses, and 
t h e  r e s t  by 1,000 comnercial  l i c e n s e  
ho lders  ( F i  g l  ey and Townsend 1980). 
I n  t h e  town of I s l i p ,  New York, 
524,000 bu were taken  commercial l y  and 
21,000 bu i n  t h e  r e c r e a t i o n a l  f i s h e r y  
(Buckner 1979). E l  sewhere, comparison 
w i t h  commercial f i s h e r i e s  i s  d i f f i c u l t  
because o f  d i f f e rences  i n  t h e  way t h e  
ca t ch  i s  repor ted.  I n  Rehoboth and 
I n d i a n  R i v e r  Bays, Delaware, t h e  com- 
merc i a l  c a t c h  was 0.6 m i l l i o n  
k i log rams i n  1957 compared t o  a  
r e c r e a t i o n a l  c a t c h  o f  1 m i l l i o n  clams 
(Shuster  1959). I n  Massachusetts, 
t h e  commercial f i s h e r y  was wo r th  
$788,000 i n  1975 and t h e  r e c r e a t i o n a l  
f i s h e r y  was wo r th  between $31,000 and 
$195,000 (Conrad 1979). I n  Grea t  
South Bay, New York, t h e  r e c r e a t i o n a l  
f i s h e r y  was 4,806 bu i n  1977 (Fox 
1978), compared w i t h  a  commercial 
f i s h e r y  o f  about 8  m i l l i o n  l b  i n  1976 
(MacMi 11 an 1978). Because a  bushel 
o f  ha rd  clams y i e l d s  about  10  l b  o f  
meat (Shuster  1959), t h e  r e c r e a t i o n a l  
f i s h e r y  i n  Grea t  South Bay accounted 
f o r  o n l y  50,000 l b  -- an i n s i g n i f i -  
c a n t  amount. 

I n  h e a v i l y  f i s h e d  a reas ,  many 
c lams a r e  c r o p p e d  a b o u t  as soon as 
they  reach a  marketable s i z e  ( R i t c h i e  
1977), i .e., when 3  t o  4  yea rs  o l d  and 
40 t o  50 mm l o n g .  T h i s  method o f  
c ropp ing  makes good use of t h e  
resource because it leaves t h e  more 
va luab le  sma l l e r  clams and s u f f i c i e n t  



Table 1. Hard clam landings (meat weight  i n  thousands o f  
k i  lograms) i n  t he  m id -A t l an t i c  reg ion  (Kinoshi  t a  and 
Vondruska 1980). Data f o r  1980-82 are taken from unpubl ished 
records. 

Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

197 3 

1974 

1975 

197 6 

1977 

1978 

1979 

1980 

1981 

S ta te  

N J  VA NC MI) CT DE 

1,158 753 N A ~  NA NA NA 

765 544 NA NA NA NA 

608 766 NA NA NA NA 

718 951 NA NA NA NA 

859 1,113 116 151 NA NA 

850 1,128 142 108 68 165 

1,212 844 106 78 111 120 

1,305 844 91 134 109 136 

1,158 848 92 360 109 108 

1,027 863 115 238 NA NA 

1,168 604 128 257 NA NA 

1,124 833 115 151 NA 52 

996 607 124 85 176 NA 

859 614 172 31 109 NA 

790 505 130 32 56 46 

735 494 129 34 54 15 

677 406 139 16 65 24 

484 463 335 11 65 18 

365 226 405 11 81  13 

407 281 70 9 82 19 

383 341 699 1 9 1 3 6  11 

419 5 0 4 ~  661 29 <1 11 

To ta l  

5,131 

4,738 

4,539 

5,540 

5,518 

6,079 

6,184 

6,399 

6,429 

6,211 

6,233 

6,637 

6,243 

5,492 

5,581 

5,901 

6,117 

5,964 

5,263 

4,466 

5,734 

7,524 

4,854 

NA = Data not a v a i l a b l e .  
From Sta te  of V i r g i n i a  records. 



b r o o d  s t o c k  t o  r e p o p u l a t e  t h e  c l a m  
beds. 

Popu la t ion  Dynamics 

La rva l  ha rd  clams may be one of 
t h e  most abundant p l a n k t e r s  i n  es tu -  
a r i e s .  La rva l  d e n s i t i e s  o f  25/1 
( C a r r i k e r  1952) and 572/1 ( C a r r i k e r  
1961) have been measured. Based on 
these  d e n s i t i e s ,  t h e  au thor  c a l c u l a t e d  
t h a t  t h e r e  w o u l d  be  50,000 t o  1.1 
m i  11 i o n  l a r v a e  per  square meter i n  an 
e s t u a r y  2 m deep. T h e r e  were  50 
1 a rvae / l  i n  Wickford Harbor, Rhode 
I s l and ,  which were reduced t o  3 
l a r v a e / l  hy t h e  t i m e  of s e t t i n g  
(Landers 1953). The number of seed 
clams t h a t  se t  i n  L i t t l e  Egg Harbor, 
New Jersey, was estimated t o  be 
125/m2 ( C a r r i k e r  1961). Popu la t ions  
o f  seed clams i n & a s c o  Bay, Maine, may 
reach 270,00O/m (Dow and Wallace 
1955). 

A d u l t  popu la t i on  dens i t y  va r i es  
w ide l y .  Popu la t ions  i n  Greenwich Bay, 
Khod? Island, ranged from 2 t o  
12/m (S t i ckney  and S t r i n g e r  1957). 
A t  some p laces i n  Greenwich Bay 
hard clams d e n s i t i e s  >averaged 
215/m ( S t r i n g e r  1955). Popu la t ions  
elsewhere i n  Na5ragansett  Bay ranged 
f rom 5 t o  189/m (U.S. Department o f  
t h e  I n t e r i o r  1956); t h e  h ighes t  
average d e n s i t i e s  were ip t h e  
Providence R i v e r  Egtuary (17/m ) and 
B r i s t o l  Harbor (9/m ). The popu la t i on  
dens i t y  i n  Nantucket Sou2d, Massachu- 
s e t t s ,  was about 0.06/m (Ropes and 
M a r t i n  1960). The popu la t i on  dens i t y  
i n  waters o f  t h ?  Town o f  I s 1  i p ,  New 
York ,  were 16/m r h e r e  f i s h i n g  was 
pe rm i t t ed  and 30/m i n  c losed  waters 
(Buckner 1979). Popul a t y n  d e n s i t i e s  
i n  R a r i t a n  Bay wef;e l l / m  on t h e  New 
York s i d e  and 5/m- on t h e  New Jersey 
s i d e  (Campbell 1965). B i o y s s  (meat 
we igh t )  ranged f r fm 1.6 g/m i n  poor 
h a b i t a t  t o  36 g/m i n  good h a b i t a t  of  
Moriches Bay, New York (O'Conner 
1972). Annual r ec ru i tmen t  i n  t h e  
James 2River  Es tuary ,  V i r g i n i a ,  was 
0.84/m (Haven 1970). A long t h e  
Georgia coast  abundance ranged f rom 

2 
0.1/m2 t o  21/m (Godwin 1958). Hard 
clams i n t r oduced  i n  Great B r i t a i n  
coastal2 wate rs  reached d e n s i t i e s  o f  6 
t o  8 / p  (Anse l l  21963). D e n s i t i e s  o f  
110/m and 540/m i n  Casco Bay, Maine, 
were mentioned by Dow (1952). 

Na tu ra l  m o r t a l i t y  i s  h i gh  i n  t h e  
l a r v a l  and seed clam stages, bu t  
almost n i l  once t h e  s h e l l  becomes 
t h i c k  enough t o  r e s i s t  p reda to rs  
( F i g u r e  3 ) .  Based on d e n s i t i e s  o f  
d i f f e r e n t  l i f e  stages i n  t h e  f i e l d ,  I 
c a l c u l a t e d  monthly m o r t a l i t y  c o e f f i -  
c i e n t s  ( Z )  of  1.7 f o r  t h e  eggs 
(monthly m o r t a l i t y  = 81%) and 1.5 f o r  
t h e  l a r v a e  (monthly m o r t a l i t y  = 78%). 
I n  Rhode I s l a n d ,  observed m o r t a l i t y  o f  
l a r v a e  over  t h e  summer was 95% t o  97% 
i n  Wick fo rd  Harbor and 94% t o  99.7% i n  
Greenwich Bay (Landers 1955). I c a l -  
c u l a t e d  an annual mor ta l  i t y  c o e f f i -  
c i e n t  f rom seed clam t o  a d u l t  o f  3.0 
(annual m o r t a l i t y  = 95%). I n  
Chesapeake Bay, u s u a l l y  l ess  than 10% 
.of smal l  clams s u r v i v e  f o r  1 yea r  
and i n  some l o c a t i o n s  none s u r v i v e  
(Haven and Loesch 1973). On t h e  bas is  
o f  n i ne  es t imates  o f  a d u l t  mo r ta l  i ty  
i n  England, H i  b b e r t  (1976) c a l c u l a t e d  
an average annual mo r ta l  i ty  
c o e f f i c i e n t  o f  0.8 (annual mo r ta l  i ty  
= 55%). The m o r t a l i t y  c o e f f i c i e n t  o f  
a d u l t  clams h e l d  i n  t r a y s  and 
p r o t e c t e d  f rom p reda to r s  i n  South 
Ca ro l i na  was o n l y  0.13, o r  about  12% 

Month: 5 10 I S  

F i g u r e  3. Abundance o f  hard clams a t  
d i f f e r e n t  l i f e  stages, from eggs t o  
a d u l t ,  based on a c o m p o s i t e  o f  t h e  
da ta  c i t e d  i n  t h e  t e x t .  



annual  l y  ( E l d r i d g e  and E v e r s o l e  
1982). These m o r t a l  i t i e s  r e p r e s e n t  
n a t u r a l  m o r t a l  i ty, w h i c h  was 
a p p r o x i m a t e l y  equa l  t o  i n s t a n t a n e o u s  
t o t a l  m o r t a l i t y  Z i n  t h e  ahsence o f  
h a r v e s t .  O v e r w i n t e r  m o r t a l i t y  o f  h a r d  
c lams i n  Maine was 40% (Dow and 
Wa l lace  1955).  

B e c a u s e  h a r d  c l a m s  t e n d  t o  b e  
c o m p l e t e l y  h a r v e s t e d  i n  any p a r t i c u l a r  
bed, i t  was n o t  p o s s i b l e  t o  a r r i v e  a t  
a sound e s t i m a t e  o f  f i s h i n g  m o r t a l i t y  
F. M o r t a l i t y  o f  h a r d  c lams s m a l l e r  
t h a n  t h e  l e g a l  s i z e  was e s t i m a t e d  t o  
he 30% each t i m e  a f l a t  was d i s t u r b e d  
by d i g g i n g  (Dow 1953). 

GROWTH CHARACTER ISTICS 

The  h a r d  c l a m  g rows  r a p i d l y  i n  
f a v o r a b l e  e n v i  ronments.  The v e l  i ger  
l a r v a e  grow f r o m  10  um t o  200 um i n  7 
days i n  L i t t l e  Egg Harbo r ,  New Je rsey  
( C a r r i k e r  1952). A t  18°C t h e  l a r v a e  
i n c r e a s e d  f r o m  105 Pm t o  183 um i n  20 
d a y s ,  w h e r e a s  a t  30°C t h e y  g rew t o  
t h i s  s i z e  i n  12 days (Loosano f f  e t  a l .  
1951).  The d a i l y  p e r c e n t  growth r a t e  
o f  v e l  i g e r s ,  as a f u n c t i o n  o f  tempera- 
t u r e  and s a l i n i t y  i s  as f o l l o w s :  

Growth = -288 + 12.40T + 14.09s 

where T i s  t h e  t e m p e r a t u r e  i n  "C and S 
i s  t h e  s a l i n i t y  i n  p p t  (Lough 1975).  
A t  20°C and 30 p p t ,  f o r  example, t h e  
d a i l y  g r o w t h  w o u l d  be 68%. G r o w t h  
s t o p s  a t  t empera tu res  be low 9°C and 
above 31°C ( A n s e l l  1968) .  

A t  t h e  end of  t h e i r  f i r s t  summer, 
seed c lams a r e  about  5 t o  7 mm l o n g  i n  
New York, and 16  mm l o n g  i n  F l o r i d a  
( A n s e l l  1968) .  Annual  g rowth  depends 
on t h e  l e n g t h  o f  t h e  g row ing  season, 
w h i c h  i s  l a r g e l y  a f u n c t i o n  o f  l a t i -  
t u d e  ( F i g u r e  4 ) .  The average annual  
g rowth  i ncrements based on she1 1 
l e n g t h ,  e s t i m a t e d  f r o m  F i g u r e  4 f o r  
ages 2 t o  5 y e a r s ,  were abou t  10 mm i n  
Canada, 13 mm i n  Va ine,  14 mm i n  New 
Jersey,  and 23 m i n  N o r t h  C a r o l i n a  

Year o f  l i f e  

F i g u r e  4. S h e l l  l e n g t h s  o f  h a r d  c lams 
o f  d i f f e r e n t  ages f r o m  F l o r i d a ,  N o r t h  
C a r o l i n a ,  New J e r s e y ,  Maine,  and 
P r i n c e  Edward I s l a n d ,  Canada ( A n s e l l  
1968) .  

and F l o r i d a .  Growth i nc remen t  i s  
about  t he  same du r ing  t h e  peak g r o w t h  
p e r i o d  o f  midsummer r e g a r d l e s s  o f  
l a t i t u d e  ( A n s e l l  1968).  

The g rowth  r a t e  o f  a d u l t s  s lows  
w i t h  i n c r e a s e  i n  l e n g t h .  Clams 35 t o  
39 m l o n g  grow about  t h r e e  t i m e s  
f a s t e r  t h a n  c l a m s  65 t o  6 9  rnm l o n g  
( P r a t t  and Campbel l  1956).  

O f  i n t e r e s t  t o  r e s o u r c e  managers 
i s  t h e  t i m e  r e q u i r e d  f o r  c l a m s  t o  
reach  t h e  minimum l e g a l  s i z e  (based on 
s h e l l  l e n g t h ) ,  w h i c h  i n  most S t a t e s  i s  
reached i n  about  3 y e a r s  ( A n s e l l  
1968).  I n  Rhode I s l a n d  and Con- 
n e c t i c u t ,  c lams reach  t h e  44-mn l e g a l  
s i z e  i n  about 2.5 y e a r s .  I n  New York, 
t h e  50-mm minimr~m s i z e  i s  reached i n  
3.0 y e a r s ,  whereas i n  New Je rsey  t h e  
minimum s i z e  i s  reached i n  3.3 y e a r s .  
I n  Chesapeake Bay o f f  G l o u c e s t e r  
P o i n t ,  h a r d  c lams r e q u i r e  4 t o  5 y e a r s  
t o  grow t o  commercial  s i z e s  o f  38 t o  
50 m (Haven 1970).  A t  t h e  ex t remes 
o f  t h e  I1.S. range, t h e  l e g a l  s i z e  i s  
a t t a i n e d  i n  3 y e a r s  i n  F l o r i d a  a t  a 



s i z e  of 57 mm and i n  5  yea rs  i n  Maine 
a t  a  s i z e  o f  51 mm. 

ECOLOGICAL ROLE 

Food and Feeding Hab i t s  -- 

M u 1  t hard clams feed  by f i l t e r i n g  
ou t  p l ank ton  and micro-organisms t h a t  
a re  c a r r i e d  a long  t h e  bot tom by 
c u r r e n t s  (Chestnut 1951). Hard clams 
depend on p l ank ton  f o r  food before and 
d u r i n g  spawning t o  f u r n i s h  s u f f i c i e n t  
e n e r g y  t o  r i p e n  t h e  gonads ( A n s e l l  
1967).  I f  t h e  food supply  i s  inade-  
quate, spawning i s  d im in ished  o r  n i l .  
I n  t h e  l abo ra to r y ,  food  d e n s i t i e s  o f  
300 mg/l o f  carbon a r e  op t ima l  f o r  de- 
p o s i t i o n  o f  biomass (Tenore and 
Dunstan 1973). 

Food and o t h e r  m a t e r i a l s  a re  t aken  
i n  b,y t h e  c lam th rough  t h e  i n c u r r e n t  
s iphon. Ten tac les  on t h e  s iphon de- 
t e c t  excess i  ve concent r a t i o n s  o f  
ove r s i zed  p a r t i c l e s  i n  t h e  wa te r  and 
cause t h e  s iphon  t o  c lose .  The man- 
t l e ,  v i s c e r a l  mass, and g i l l s  a re  c i l -  
i a t e d  and sec re te  mucus. P a r t i c l e s  
brought  i n  th rough  t h e  i n c u r r e n t  
s iphon a t t a c h  t o  t h e  mucus. Depos i t s  
on t h e  g i l l s  a r e  c o l l e c t e d  by t h e  
c i l i a  and c a r r i e d  towards t h e  mouth 
( K e l l o g g  1 9 0 3 ) .  The p a l p s  a t  t h e  
mouth en t rance  determi  ne, by vo l  ume, 
whether t h e  p a r t i c l e  mass i s  i nges ted  
o r  r e j e c t e d .  Only smal l  masses a r e  
s e l e c t e d  f o r  d i g e s t i o n .  C omp 1  ex 
p a t t e r n s  of c i l i a  movement remove t h e  
waste, c a l l  ed pseudofeces, from pa l  ps 
and g i l l s .  E v e n t u a l l y  a1 1  waste 
m a t e r i a l s  a re  c o l l e c t e d  on t h e  mant le  
and c a r r i e d  t o  t h e  base o f  t h e  siphon, 
a v o i d i n g  t h e  s t ream o f  incoming sea- 
water .  When s u f f i c i e n t  waste has been 
c o l l e c t e d ,  t h e  adductor  muscle sudden- 
l y  con t r ac t s ,  f o r c i b l y  e j e c t i n g  a  
s t ream o f  wa te r  c o n t a i n i n g  t h e  waste 
mass f rom t h e  i n c u r r e n t  s iphon (Ke l -  
l ogg  1903). 

P  reda t  i on 

P reda t i on  i s  t h e  p r imary  n a t u r a l  
c o n t r o l  of ha rd  c lam popu la t i ons  ( V i r -  
s t e i n  1977). The clams a r e  preyed on 
by f i s h ,  b i r d s ,  s t a r f i s h ,  crabs, and 
o t h e r  mol lusks.  For  defense t hey  
burrow o r  l i v e  among s h e l l s  o r  rocks.  
Wi thou t  s h e l l  o r  rock cover,  t h e  
j u v e n i l e  ha rd  clam may be ex te rmina ted  
by p reda to rs .  I n  one experiment,  su r -  
v i v a l  i n  penned s i t e s  was 94% compared 
w i t h  9% i n  an unpenned area (Kraeu te r  
and Castagna 1980). 

Crabs a r e  t h e  most se r i ous  pred- 
a t o r s  o f  ha rd  clams; i n  one s tudy 88% 
of t h e  p reda to r s  were crabs (Whetstone 
and Eve rso l e  1978). The crabs c rush  
s m a l l e r  c lams w i t h  t h e i r  c l a w s  and 
c h i p  t h e  edges o f  t h e  s h e l l s  o f  l a r g e r  
clams. A  rock  c rab  (Cancer i r r o r a t u s )  
consumes up t o  30 sma l l  clams/h, and a  
mud c rab  (Neo ano e  sayi) consumes up 
t o  14 clam*Kenzie 1977). I n  
some a r e  s, mud crabs may be as dense 
as 5 0 / m t  M o r t a l i t y  of  young clams 
p a r a l l e l s  t h e  f requency a t  which s h e l l  
b i t s  occur  i n  t h e  stomachs of t h e  mud 
c rab  Pano eus h e r b s t i  i (Whetstone and + Everso le  19 8 ) .  Crabs a re  e f f e c t i v e  
p r e d a t o r s  because  t h e y  can  p r y  t h e  
c lam ou t  o f  t h e  sediment. The rock 
crab,  b l u e  c rab  ( C a l l  i n e c t e s  sa i d u s )  
and green c rab  (Carc in ides  r n a h i ; ~  
up t h e  clams, whereas mud crabs bury  
themselves i n  t h e  sediment t o  c rush  
t h e  clam i n  p l a c e  (MacKenzie 1977). 
Hard clams l onge r  t han  7  mn a r e  not  
v u l n e r a b l e  t o  mud c r a b s ,  and t h o s e  
l onge r  t han  15 mm a re  no t  vu l ne rab le  
t o  rock crabs (MacKenzie 1977). 

Mo l lusks  a re  t h e  next  most impor- 
t a n t  p reda to r .  Oys te r  d r i  11s (Urosa l -  
pinx c i ne rea  and Eu l e u r a  c a u d a m d  
t h e  moon s n a i l s  + P o l i n i c e s  d u p l i c a t a  
and L u n a t i a  heros )  d r i l l  ho l es  i n  t h e  
s h e l l  and remove t h e  c lam 's  body t i s -  
sues (Buck ley 1974). Hard clams l a r g -  
e r  t han  t h e  p reda to r  a r e  t h i c k  enough 
t o  w i t h s t a n d  b e i n g  d r i l l e d  by  moon 
sna i  1s ( K i t c h e l l  e t  a1 . 1981).  Whelks 
(Busycon cana l i cu l a t um  and B. c a r i a )  
c h i p  o f f  t h e  o u t e r  edge of t h e  s h e l l  



t o  make a  h o l e  t h r o u g h  w h i c h  t h e y  
i n s e r t  t h e i r  p r o b o s c i s e s  and i n g e s t  
t h e  c l a m ' s  s o f t  p a r t s  by a l t e r n a t e l y  
r a s p i n g  and s w a l l o w i n g  ( C a r r i k e r  
1951).  Hard  c lams a r e  v u l n e r a b l e  t o  
o y s t e r  d r i l l s  u n t i l  20 mm l o n g  and t o  
moon s n a i l s  u n t i l  50 rrnn l o n g  
(MacKenzie 1977) .  I n  a d d i t i o n ,  t h e  
a d u l t  h a r d  c lam may d e s t r o y  i t s  own 
l a r v a e  by i n g e s t i o n .  

The sea s t a r  ( A s t e r i a s  f o r b e s i )  
p u l l s  t h e  v a l v e s  o f  a d u l t s  a p a r t  w i t h  
i t s  t u b e  f e e t  and i n v e r t s  i t s  stomach 
i n t o  t h e  body c a v i t y  (MacKenzie 1979; 
D o e r i n g  1982a). I f  a  sea s t a r  i s  
p r e s e n t ,  h a r d  c lams b u r y  deeper  
( P r a t t  and Campbel l  1956; D o e r i n g  
1982b) and reduce  a c t i v i t y  ( D o e r i n g  
1 9 8 2 ~ ) .  F i s h ,  such as f l o u n d e r ,  and 
w a t e r f o w l  a l s o  feed on  l a r v a e  and 
young  c l  ams (Be1 d i  ng  1931).  

ENVIRONMENTAL REQUIREMENTS 

Temperature  

U a t e r  t e m p e r a t u r e  i s  t h e  most im- 
p o r t a n t  f a c t o r  i n  g rowth  and rep roduc -  
t i o n .  The h a r v e s t  of  t h e  h a r d  c l a m  i n  
Maine was h i g h l y  c o r r e l a t e d  ( r  = 0.80) 
t o  t h e  August sea t e m p e r a t u r e  2  y e a r s  
p r e v i o u s l y  ( S u t c l  i f f e  e t  a l .  1977). 
Dow (1977)  r e c o r d e d  a  h i g h l y  s i g n i f i -  
c a n t  c o r r e l a t i o n  between mean annual  
sea t e m p e r a t u r e  and p o p u l a t i o n s  o f  
a d u l t  h a r d  clams. 

Hard  c lams spawn a t  t empera tu res  
o f  22" t o  30°C i n  L i t t l e  Egg Harbor ,  
New J e r s e y  ( C a r r i k e r  1961)  and f r o m  
21' t o  25°C i n  Ba rnega t  Ray, New 
J e r s e y  (Kennish and O l s s o n  1975).  
They spawn i n  De laware Bay a t  25' t o  
27OC (Keck e t  a l .  1975).  Spawning i s  
t r i g g e r e d  by r i s i n g  tempera tu res .  

The o p t i n u n  t e m p e r a t u r e  range f o r  
l a r v a l  g r o w t h  i s  22.5" t o  25°C i n  
b r a c k i s h  w a t e r  and 17.5" t o  30°C a t  a  
h i g h e r  s a l i n i t y  (Dav is  and Ca lab rese  
1964) .  A c c o r d i n g  t o  C a r r i k e r  (1961)  
l a r v a e  t o 1  e r a t e  w a t e r  t empera tu res  o f  
13" t o  30°C. Eggs r e q u i r e  temp- 

e r a t u r e s  above 7.2"C, b u t  l a r v a l  
s u r v i v a l  i s  h i g h e s t  between 19" and 
30°C (Lough 1975).  Growth i s  g r e a t e s t  
f r o m  22' t o  36OC. Embryos and v e l  i g e r  
l a r v a e  d e v e l o p  a b n o r m a l l y  and d i e  a t  
15°C and 33"C, b u t  s t r a i g h t  h i n g e d  
l a r v a e  t o l e r a t e  t h e s e  t e m p e r a t u r e  ex- 
t remes  (Loosanof f  e t  a l .  1951). The 
minimum t e m p e r a t u r e  f o r  g rowth  when 
clams a r e  f e d  naked d i n o f l a g e l l a t e s  i s  
12.5OC, b u t  h i g h e r  tempera tu res  a r e  
needed t o  d i g e s t  a1 gae (Dav is  and 
C a l a b r e s e  1964). 

A d u l t  h a r d  c l a m s  t o l e r a t e  t e m -  
p e r a t u r e s  from below f r e e z i n g  t o  about  
35°C. A d u l t s  s u r v i v e  a t  -6OC, b u t  d i e  
when 64% o f  t h e  w a t e r  i n  t h e  t i s s u e s  
has changed t o  i c e  ( W i l l i a m s  1970).  
Hard  c lams l o c a t e d  i n  b a r s  e l e v a t e d  
above t h e  g r a d i e n t  o f  t h e  mud f l a t s  
u s u a l l y  s u f f e r  100% w i n t e r  m o r t a l i t y ,  
a lmos t  s u r e l y  caused by f r e e z i n g  (Dow 
and W a l l  ace 1951).  Summer tempera-  
t u r e s  as h i g h  as 34°C a r e  t o l e r a t e d  
(Van  W i n k l e  e t  a l .  1 9 7 6 ;  M a c K e n z i e  
1979). 

Growth i s  reduced a t  w a t e r  tem- 
p e r a t u r e s  be low 10°C ( P r a t t  and 
Campbel l  1956) and g rowth  s t o p s  a t  8°C 
( R e l d i n g  1931).  Hard  c lams h i b e r n a t e  
a t  t empera tu res  be low 6OC ( L o o s a n o f f  
1939).  Pumpi ng wa te r ,  r e q u i  r e d  f o r  
f e e d i n g ,  ceases be low 6°C and above 
32OC (Hamwi 1968) .  The e x t e n s i o n  o f  
t h e  s i p h o n  a l s o  i n d i c a t e s  pumping; t h e  
t e m p e r a t u r e  range f o r  s i p h o n  e x t e n s i o n  
i s  1" t o  34°C (Van  W i n k l e  e t  a l .  
1976) .  

E s t i m a t s  o f  t h e  optimum tempera-  
t u r e  f o r  h a r d  c l a m  growth va ry  f r o m  
about  20°C ( A n s e l l  1967)  t o  23OC 
( P r a t t  and Campbel l  1956).  O t h e r  
b i o l o g i c a l  a c t i v i t i e s  i n d i c a t e  t h e r m a l  
opt ima.  Hamwi (1068) found maximum 
pumping a t  24" t o  26°C. S iphon  ex ten -  
s i o n  was g r e a t e s t  i n  t h e  range  of 11°C 
t o  22OC ( V a n  W i n k l e  e t  a l .  1 9 7 6 ) .  
S t o r r  e t  a l .  (1982) r e p o r t e d  two  
op t ima  f o r  s h e l l  c a l c i u m  d e p o s i t i o n :  
13' t o  16OC, and 24OC. Optimum 
tempera tu res  f o r  b u r r o w i n g  a r e  21' t o  
31°C (Savage 1976).  



Hard c lams a r e  a d v e r s e l y  a f f e c t e d  
by r a p i d  t e m p e r a t u r e  changes. A  r a p i d  
t e m p e r a t u r e  i n c r e a s e  o f  + 5OC i n  t h e  
d i s c h a r g e  f r o m  a  n u c l e a r  power p l a n t  
s topped  she1 1  g rowth  (Kenn ish  1976).  
The summer g r o w t h  of h a r d  c lams was 
reduced 60% t o  90% when t h e  c lams were 
t r a n s p l a n t e d  t o  t h e  warrner wa te rs  o f  
t h e  d i s c h a r g e  s i t e .  

Sal  i n i  t y  

The s a l i n i t i e s  a t  w h i c h  h a r d  c lams 
a r e  f o u n d  u s u a l l y  range f r o m  ab0 l l t  10 
p p t  t o  35 p p t ,  a l l o w i n g  f o r  p o s s i b l e  
geograph ic  d i  f f e r e n c e s .  Be1 d i  ng 
(1931)  r e p o r t e d  23 t o  32 p p t  as t h e  
g e n e r a l  range  o f  t o l e r a n c e .  I n  W e l l -  
f l e e t  Harbo r ,  Massachuset ts ,  s a l i n i t y  
i n  c l  am beds ranged f r o m  20 t o  34 p p t  
( C u r l e y  e t  a l .  1972).  The range  of  
s a l i n i t i e s  i n  a  New Y o r k  c lam' h a b i t a t  
was 15 t o  35 p p t  (MacKenzie 1979).  I n  
New Jersey,  c lams a r e  found o n l y  i n  
bays where s a l i n i t y  i s  above 15 p p t  
( F i g l e y  and Townsend 1980). Hard  
c lams do n o t  l i v e  i n  s a l i n i t i e s  be low 
19 p p t  i n  t h e  Newport R i v e r  E s t u a r y ,  
N o r t h  C a r o l i n a  (We1 1s 1961) ,  o r  a t  
s a l i n i t i e s  be low 18  p p t  i n  South  
C a r o l  i n a  (Anderson e t  a1 . 1978) .  The 
s a l i n i t i e s  o f  n a t u r a l  c l a m  beds range  
f r o m  10 t o  28 p p t  i n  t h e  m i d - A t l a n t i c  
r e g i o n  ( L o o s a n o f f  1946).  

S a l i n i t y  i s  most c r i t i c a l  d u r i n g  
t h e  egg and l a r v a l  s tages.  The em- 
b r y o s  i n  L o n g  I s l a n d  Sound  d e v e l o p  
o n l y  i n  t h e  range  o f  20 t o  32 p p t ;  a t  
35 p p t  o n l y  10% deve lop  (Dav is  1958).  
V e l i g e r  s u r v i v a l  i s  low d u r i n g  h i g h  
r a i n f a l l  ( C a r r i k e r  1961 ) . Vel i g e r  
g rowth  i s  b e s t  a t  20 t o  27 pp t .  L a r -  
vae a p p a r e n t l y  r e q u i  r e  h i g h e r  s a l  i n i  - 
t i e s  t h a n  a d u l t s ,  and metamorphosis t o  
seed c lams i s  r a r e  be low 18  p p t  (Cas- 
t a g n a  and Chanley  1973) .  Embryos de- 
v e l o p  n o r m a l l y  between 20 and 35 p p t ;  
t h e  opt imum i s  about  28 p p t .  The min- 
imum s a l i n i t y  a t  w h i c h  l a r v a e  s u r v i v e  
was 1 5  p p t .  I n  S o u t h a m p t o n  W a t e r ,  
Eng land,  young c l  ams were abundant 
o n l y  i n  y e a r s  o f  l ow  f r e s h w a t e r  i n f l o w  
f r o m  t h e  R i v e r  T e s t  (Mi t c h e l  1  1974) .  

J u v e n i l e  and  a d u l t  c l a m s  c l o s e  
t h e i r  s h e l l s  when exposed t o  d i l u t e d  
seawater  t o  i n c r e a s e  t h e i r  t o 1  e rance  
t o  l ow  s a l i n i t i e s .  J u v e n i l e s  can l i v e  
i n  f r e s h w a t e r  f o r  22 days i n  t h e  l a b -  
o r a t o r y  ( C h a n l e y  1 9 5 8 ) .  A t  1 0  p p t  
t h e y  b e g i n  d y i n g  a t  28 days and a t  10 
and 15 p p t  t h e r e  i s  l i t t l e  f e e d i n g  o r  
b u r r o w i n g .  A d u l t  h a r d  c lams exposed 
t o  s a l i n i t i e s  as low as 0.3 p p t  i n  t h e  
Santee R i v e r  sys tem i n  South  C a r o l i n a  
s u r v i v e d  f o r  14 days ( B u r r e l l  1977).  
L a b o r a t o r y  t e s t s  showed t h a t  pumping 
ceased be low 15 p p t  and ahove 40 p p t ,  
and t h a t  t h e  r a t e  o f  pumping was h i g h -  
e s t  between 23 and 27 p p t  (Hamwi 
1968) .  I n  t h e  l a b o r a t o r y ,  s iphons  a r e  
r a r e l y  ex tended a t  s a l i n i t i e s  be low 17 
p p t  o r  above 38 p p t  (Van W i n k l e  e t  a l .  
1976).  The opt imum s a l i n i t y  range  f o r  
s i p h o n  e x t e n s i o n  i s  24 t o  32 p p t .  

The opt imum s a l i n i t y  f o r  l a r v a l  
s u r v i v a l  i s  about  27 p p t  (Dav is  and 
Ca lab rese  1964) .  A t  about  22 p p t ,  t h e  
t e m p e r a t u r e  t o 1  e rance  was reduced. A  
s t r o n g  i n t e r a c t i o n  between t e m p e r a t u r e  
a n d  s a l i n i t y  was r e p o r t e d  by  L o u g h  
(1975) .  The maximum s u r v i v a l  o f  eggs 
was ahove 28 p p t  and above 7.2OC. F o r  
1  arvae,  s u r v i  v a l  was h i g h e s t  between 
21  and 29 p p t  a t  19' t o  29.5OC. The 
l a r v a e  grew b e s t  between 22 and 30 p p t  
a t  22' t o  36OC. 

D i s s o l v e d  Oxygen 

Changes i n  d i s s o l v e d  oxygen do n o t  
a f f e c t  h a r d  c lams as much as changes 
i n  t e m p e r a t u r e  and s a l i n i t y .  A l l  l i f e  
s tages  s u r v i v e  n e a r l y  a n o x i c  c o n d i -  
t i o n s  f o r  r e l a t i v e l y  l o n g  p e r i o d s ,  b u t  
the,y s t o p  growing.  Embryos r e q u i r e  
o n l y  0.5 mg/ l  d i s s o l v e d  oxygen and d i e  
o n l y  a t  oxygen l e v e l s  be low 0.2 mg/l 
( M o r r i s o n  1971).  Embryos f a i l  t o  
deve lop  t o  t h e  t r o c h o p h o r e  s t a g e  when 
d i s s o l v e d  oxygen i s  0.34 mg/ l  o r  l e s s .  
L a r v a l  g rowth  i s  n e a r l y  z e r o  a t  such 
1  ow oxygen c o n c e n t r a t i o n s  b u t  p i c k s  up 
a t  2.4 mg/ l  and i s  b e s t  a t  4.2 mg/ l .  

A d u l t s  t o l e r a t e d  l ow  oxygen i n  t h e  
l a b o r a t o r y ,  b u t  t h e i r  me tabo l i sm 



became depressed. The hard  clam can 
t o l e r a t e  l e s s  t han  1 mg/l f o r  3 weeks 
and s t i l l  be capable o f  rebur row ing  
(Savage 1976). Growth i s  suppressed 
when oxygen concent r a t i o n s  a re  1 ow. 
Below 5 mg/l, oxygen consumption 
p r o g r e s s i v e l y  dec l  i nes and an oxygen 
debt i s  i n c u r r e d  ( H a m i  1969). The 
oxygen debt i s  r a p i d l y  r epa id  i n  a few 
h o u r s  a f t e r  r e t u r n  t o  a e r o b i c  con-  
d i t i o n s .  U l t i m a t e l y ,  hard  clams suc- 
cumb t o  hypox ic  environments. Hard 
clams n e a r l y  disappeared because o f  
acce le ra ted  e u t r o p h i c a t i o n  and reduced 
oxygen i n  coas ta l  wa te rs  near a duck 
r e a r i n g  area on Long I s l and ,  New York 
(08Conner  1972). 

Subst r a t e  -- 

Numerous s tud ies  have shown t h a t  
hard  clams are  more l i k e l y  t o  l i v e  on 
a sandy bot tom than  on a mud bot tom 
( A l l e n  1954: Maurer and Wa t l i ng  1973; 
M i  t c h e l l  1974). Recause water  cur -  
r en t s  s o r t  bot tom subs t ra tes ,  t h e r e  i s  
a h i g h  c o r r e l a t i o n  between c u r r e n t s  
and bot tom type;  consequent ly ,  wa te r  
c i r c u l a t i o n  may be t h e  d e c i s i v e  
element i n  t h e  d i s t r i b u t i o n  o f  hard  
clams (Greene e t  a1 . 1978). 

Clam l a r v a e  s e t  more f r e q u e n t l y  
and more densely on sand t han  on mud 
(MacKenzie 1979). There a l s o  appears 
t o  be some c o r r e l a t i o n  between g r a i n  
s i z e  and t h e  dens i t y  o f  s e t t i n g  (Keck 
e t  a l .  1974). I n  a l a b o r a t o r y  t e s t ,  
781 l a r v a e  s e t  on mud p a r t i c l e s  0.05 
mm i n  d iameter  whereas 2,083 se t  on 
sand p a r t i c l e s  0.50 mrn i n  diameter.  
T h e r e  was l i t t l e  d i f f e r e n c e  i n  t h e  
d e n s i t i e s  o f  s e t t i n g  on sand g r a i n  
d iameters o f  0.25, 0.50, 0.71, and 
1.00 mm. Larvae much p r e f e r  sand 
(0.25 mm) over  mud (0.50 mm), y e t  t h e  
h i ghes t  concen t ra t i on  o f  seed clams 
was on s h e l l s  coated w i t h  mud 
( C a r r i  k e r  1961). Seed clams can 
emerge from a depth o f  sediment a t  
l e a s t  f i v e  t imes  t h e i r  s h e l l  he i gh t .  

Abundance a l s o  i s  r e l a t e d  t o  o t h e r  
subs t ra te .  Twice as many hard clams 
l i v e  i n  g r a v e l l y  s u b s t r a t e  than i n  mud 

(Burbanck e t  a l .  1956). The biomass 
o f  l i v i n g  clam t i s s u e  i s  r e l a t e d  t o  
t h e  t ype  o f  subs t ra te  i n  Moriches Bay, 
New York, as follows: sand, 25.5 
g/m;; sand without vegetation 34 
g/m2; sand w i th  vegetation, 11.3 
g/m2; and sand w i t h  c layey  s i l t ,  1.6 
g/m (08Conner  1972). The presence o f  
s h e l l s  was more impor tan t  than  
p a r t i c l e  s i z e  i n  de te rmin ing  clam 
abundance i n  Greenwich Bay, Rhode 
I s l and .  The ahundance was as f o l l o w s :  
16/m2 i n  mud, sand and s h e l l  ; 10/m2 i n  
sand and s h e l l ;  6/m2 i n  mud and s h e l l ,  
o r  mud and sand, o r  sand; and 3/m2 i n  
mud ( S t r i n g e r  1955). The d e n s i t y  o f  
hard clams was c o r r e l a t e d  t o  t h e  abun- 
dance of p a r t i c l e s  w i t h  d iameters 
g rea te r  than  2 n ( S a i l a  e t  a l .  1967). 

Not a1 1 r e p o r t s  agree. For  exam- 
p l e ,  i n  t h e  Woods Hole reg ion ,  A l l e e  
(1923) r epo r t ed  a re1  a t i  ve d e n s i t y  
( pe r  m )  o f  19 i n  mud, 14 i n  sand, 4 
i n  rockweed,  2 i n  g r a v e l ,  and 1 i n  
eelgrass.  Hard clams i n  Bogue Sound, 
Nor th  Caro l ina ,  tended t o  be i n  f i n e r  
sediments ( B r e t t  1963). 

The growth o f  hard  clams sometimes 
r e f l e c t s  t h e  s u b s t r a t e  type.  Clams 
grew 50% f a s t e r  i n  sand t han  i n  mud i n  
Great South Bay, New York (Greene 
1975). Clams p laced  i n  sand i n  
Narraganset t  Bay, Rhode I s l and ,  grew 
24% f a s t e r  than those  p laced i n  mud 
( P r a t t  1953). There was a h i g h  
c o r r e l a t i o n  ( r  = 0.88) between s h e l l  
l e n g t h  and s u b s t r a t e  p a r t i c l e  s i z e  i n  
L i t t l e  Bay, New Jersey (Johnson 1977). 

Cur ren ts  

Water movement i s  impor tan t  t o  a l l  
l i f e  stages o f  t h e  hard  clam. Cur ren ts  
t r a n s p o r t  eggs and 1 arvae and b r i  ng 
f o o d  t o  t h e  a d u l t s .  Ha rd  c lams o f  
U i c k f o r d  Harbor, Rhode I s l and ,  l i v e  i n  
c u r r e n t  v e l o c i t i e s  1 ess t han  0.5 m/sec 
(Landers 1953). 

Larvae p r e f e r  c u r r e n t s  f rom 12 t o  
130 cm/sec ( C a r r i k e r  1952). D e n s i t i e s  
o f  l a r vae  were low near t h e  i n l e t  o f  



an e s t u a r y  where t i d a l  exchange was 
g r e a t e s t  and c u r r e n t s  f a s t e s t  ( C a r r i -  
k e r  1961).  The p l a n k t o n i c  abundance 
d i s t r i b u t i o n  o f  l a r v a e  i s  n o t  a f f e c t e d  
by i n d i v i d u a l  t i d a l  s tages ,  b u t  obse r -  
v a t i o n s  suggest  t h a t  t h e  abundance was 
h i g h e s t  3  h  a f t e r  low t i d e  ( M o u l t o n  
and C o f f i n  1954) .  

The g rowth  o f  a d u l t s  a l s o  i s  c o r -  
r e 1  a t e d  w i t h  t i d a l  c u r r e n t s  ( K e r s w i l l  
1949; H a s k i n  1952; W e l l s  1957).  Hard  
c lams grow b e t t e r  a t  a  v e l o c i t y  of  7.5 
cm/sec t h a n  i n  a  s l u g g i s h  s l o u g h  (Ker -  
swi  11 1949).  S t r o n g  c u r r e n t s ,  how- 
eve r ,  may s c o u r  t h e  b o t t o m  and reduce 
h a b i t a t  q u a l i t y  (We1 1s 1957) .  

T u r b i d i t y  

Recause h a r d  c lams f i l t e r  w a t e r  t o  
o b t a i n  f o o d  m a t e r i a l ,  t h e y  a l s o  t r a p  
o t h e r  suspended m a t e r i a l .  D i s c h a r g i n g  
t h i s  m a t e r i  a1 reduces energy a v a i  1  a b l e  
f o r  g rowth  ( P r a t t  and Campbel l  1956) .  
Excess t u r b i d i t y  can  c l o g  t h e  f i l t e r -  
i n g  appara tus  and cause death .  Eggs 
and l a r v a e  a r e  a l s o  s e n s i t i v e  t o  t u r -  
b i d i t y .  

Embryos deve lop  normal l y  if 
suspended s i  lt o r  sed iment  a r e  
p r e s e n t ,  u n l e s s  concen t  r a t  i o n s  a r e  
u n u s u a l l y  h i g h  ( D a v i s  1 9 6 0 ) .  S i l t  
above 3 g / l  impedes development,  b u t  
some emhryos deve l  op normal 1  y  i n 
w a t e r s  w i t h  4  g / l  o f  c l a y ,  c h a l k ,  o r  
F u l  l e r ' s  e a r t h .  Embryo development i s  
normal a t  2  g / l  of  p a r t i c l e s  between 5  
and 50 um d iamete r .  Sand had l i t t l e  
e f f e c t  on eggs excep t  f o r  t h e  s m a l l e s t  
p a r t i c l e s  a t  t h e  h i g h e s t  c o n c e n t r a -  
t i o n s  (Dav is  and H i d u  1969) .  

L a r v a e  a r e  m o r e  s e n s i t i v e  t h a n  
embryos t o  t u r b i d i t y .  I n  a  l a b o r a t o r y  
s tudy ,  90% of t h e  l a r v a e  d i e d  a t  
c o n c e n t r a t i o n s  o f  c h a l k  above 0.25 g / l  
and o f  F u l l e r ' s  e a r t h  above 0.5 g / l  
( D a v i s  1960) .  L a r v a e  t o l e r a t e  s i l t  up  

t o  4  g / l ,  and even grow f a s t e r  i n  l ow  
c o n c e n t r a t i o n s  o f  s i l t  t h a n  i n  s i l t -  
f r e e  wa te r .  L a r v a l  g rowth i s  de- 
p ressed  by c o n c e n t r a t i o n s  o f  c l a y  0.5 
g / l  and h igher  (Davis and Hidu 1969). 

A l t h o u g h  t u r b i d i t y  may have p r o -  
f o u n d  e f f e c t s  on a d u l t  c lams, t h e  1  im- 
i t s  o f  t h e  r e a c t i o n  o f  t h e  c lams t o  
t u r b i d i t y  i s  n o t  w e l l  d e f i n e d .  Menzel 
(1963)  r e p o r t e d  t h a t  h i g h  t u r b i d i t y  i n  
summer may i n h i b i t  t h e  g rowth  of  
a d u l t s  i n  F l o r i d a .  Ano the r  v iew i s  
t h a t  c l e a r i n g  o f  p a r t i c l e s  f r o m  t h e  
f i  1  t e r i  ng appara tus  reduces g rowth  i n  
muddy h a b i  t a t s  ( P r a t t  and Campbell 
1956) .  A d u l t s  e x p e l  1  ed pseudofeces 
produced when clams c l e a r  t h e  
f i l t e r i n g  appara tus  107 t i m e s l h  i n  
mud, 1 9 / h  i n  f i n e  sand,  and  7 / h  i n  
c o a r s e  s a n d .  Rhoads  e t  a1 . ( 1 9 7 5 )  
b e l i e v e d  t h a t  a  t u r b i d  l a y e r  n e a r  t h e  
b o t t o m  i n  Buzzards Bay, Massachuse t t s ,  
enhanced t h e  g rowth  of h a r d  clams 
because i t  c o n t a i n e d  d e t r i t a l  food.  

H a b i t a t  A l t e r a t i o n  - 

D r e d g i n g  o f  c o a s t a l  w a t e r s  reduces 
t h e  a b u n d a n c e  o f  h a r d  c l a m s  i n  t h e  
a r e a  o f  i m p a c t .  F o r  examp le ,  h a r d  
c lams i n  t h e  p a t h  o f  a  dredged channel  
t h r o u g h  a  l a g o o n  on Long I s l a n d ,  New 
Y o r k ,  w e r e  d e s t r o y e d ,  and t h o s e  on  
e i t h e r  s i d e  o f  t h e  p a t h  were adverse1.y 
a f f e c t e d  by s e d i m e n t a t i o n  (Kap lan e t  
a l .  1974) .  Hard  c lams f u r t h e r  t h a n  
400 m f r o m  t h e  dredge s i t e  were 
u n a f f e c t e d .  Commercial  clammers i n  
t h i s  area r e p o r t e d  no n o t i c e a b l e  
r e d u c t i o n  i n  h a r v e s t  t h e  f o l l o w i n g  
year,  whereas s c i e n t i s t s  found  a  
s i g n i f i c a n t  r e d u c t i o n  i n  s t a n d i n g  
c rop .  I n  Roca Ciega Bay, F l o r i d a ,  t h e  
h a r d  c lam p o p ~ ~ l a t i o n  f a i l e d  t o  r e t u r n  
t o  i t s  p r e v i o u s  abundance 13 y e a r s  
a f t e r  d r e d g i n g  ( T a y l o r  and Saloman 
1968) .  
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